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ABSTRACT: Knowledge of the richness and distribution of anurans living in ecotone regions is still incipient, especially in 
transition zones between threatened phytogeographic areas like the Cerrado and the Atlantic Forest. This study presents 
a checklist of anuran amphibians in an ecotone (Cerrado-Atlantic Forest) in the Campos Gerais, Paraná State, Brazil. 
Samplings were conducted in 66 water bodies (ponds) between October 2012 and March 2013. We identified 42 anuran 
species, six of them in larval stage only and eight of them in adult stage only. The anurofauna accounted for 21.05% of the 
species registered for the Cerrado and 9.58% of the species found in the Atlantic Forest. Four species are endemic to the 
Cerrado and eight to the Atlantic Forest. Our results show that this region has a rich anurofauna with species characteristic 
of different biomes. This study contributes to the process of knowledge production to support further research in ecology, 
biogeography and conservation of anurans in the Campos Gerais. 


INTRODUCTION 

The domains ofthe Cerrado and the Atlantic Forest are 
in the list of the world's biodiversity hotspots because they 
have a small representation of original areas as primary 
vegetation, high rates of endemism and a high degree of 
threat (Myers et al. 2000; Mittermeier et al. 2004). Cerrado 
is highly threatened by human activities, especially by 
agriculture and extensive livestock production (Ratter et 
al. 2003). Recent studies have estimated that about 55% of 
the 2 million km? of the original vegetation cover has been 
devastated (Machado et al. 2004). The Atlantic Forest, as 
well as the Cerrado, is threatened by human influence, 
and its original vegetation has been reduced, ranging from 
11.4% to 16% of its original length, which was 1.5 million 
km? (Ribeiro et al. 2009). 

The Campos Gerais suffer influence from the Atlantic 
Forest, but the southern limit of the Cerrado domain is 
also found in this region; therefore, there are some areas 
of savannah, which consist of a mixture of species that 
are characteristic of the Central Plateau of Brazil (Ritter 
et al. 2010). Ecotones are unique areas, with physical and 
biological characteristics of adjacent regions (Williams 
1996). Therefore, they have a species composition 
derived from both areas and may have a diversity higher 
than that of a single biome alone (Remanamanjato et al. 
2002). In this sense, disconnected remnants of different 
phytogeographical domains, such as of the Cerrado and 
the Atlantic Forest, may be important to support animal 
or plant species characteristic of these biomes, such as 
amphibians, for example. Amphibians are found in almost 
all types of terrestrial and freshwater habitats, and their 
distribution is strongly influenced by the presence of 
water (Duellman and Trueb 1986). Their dependence on 


water bodies or humid environments for reproduction 
explains the great diversity of species in the Neotropical 
region (Duellman and Trueb 1986; Wells 2007). 

Anthropogenic factors such as habitat loss and 
fragmentation (Cushman 2006; Silva et al. 2011) are the 
major threats to amphibians, especially in Brazil (Silvano 
and Segalla 2005). In this sense, strategies to conserve 
biological diversity require studies with emphasis on 
surveys, biodiversity quantification and distribution, 
both in small and large scales. These elements should be 
recognised as important tools in the production of basic 
knowledge to support further research in the areas of 
systematics, ecology, biogeography and conservation 
(Heyer et al. 1994; Diniz-Filho et al. 2009). 

Studies on amphibians from the Campos Gerais are 
recent and very little is known about the ecology and 
diversity of this group in this peculiar ecosystem. This 
work aimed to contribute to the knowledge of amphibians 
in disconnected remnants of the Cerrado and ecotone 
(Atlantic Forest) in the Campos Gerais, by presenting a 
survey of anuran species, both in larval and adult stages 
and discussing the species conservation status. 


MATERIALS AND METHODS 
Study area 

The Campos Gerais encompass a phytogeographic 
region located in southern Brazil, characterised by fields 
interspersed with gallery forests and scattered patches of 
forest (Maack 1981). They are found in the central-eastern 
portion of the Paraná State and have approximately 
11,761.41 km? extension (Melo et al. 2007). In the region, 
the southern limit of the Cerrado meets with the northern 
boundary of the Campos Sulinos, beyond the presence of 
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the Atlantic Forest, with forest formations of Subtropical 
Ombrophilous Forest and Seasonal Semidecidual Forest 
forming mosaics of different vegetation types (Carmo et al. 
2012; Moro 2012). 

The region is under the influence of two climate types 
according to the Kôeppen classification: Cfa, mesothermal 
subtropical climate with hot, rainy summers; and Cfb, 
mesothermal subtropical climate, humid, without a 
defined dry season and mild summers (Peel et al. 2007). 
The region exhibits a gently undulating relief, and altitude 
ranges from 800 to 1,200 m. The soil is a red-yellow oxisol 
and lithic neossolos, but cambisols and argisols can also 
occur (Melo et al. 2007). 


Data collection 

Fieldwork was conducted between October 2012 and 
March 2013 during six field trips, each lasting for six days, 
amounting to 36 sampling days in the region. Samplings 
were performed in 66 water bodies (conisting of ponds 
only) located in fragments of the Cerrado and ecotone 
regions (Atlantic Forest) with Subtropical Ombrophilous 
Forest and Seasonal Semidecidual Forest in Campos 
Gerais. The typical vegetation formations of the region 
may be divided into: dry fields, wetlands fields, gallery 
forests, mixed forests of araucaria, Cerrado relicts, 
seasonal semidecidual forest (Klein and Hatschbach 1971; 
Pillar 2000; Rodrigues 2000; Di Bitetti et al. 2003; Melo et 
al. 2007), pine plantations and anthropogenic grasslands. 
The water bodies are located in the municipalities of 
Sengés, Jaguariaíva, Piraí do Sul, Tibagi, Carambeí and 
Ponta Grossa (Figure 1, Table 1). 

Tadpoles were sampled during daytime with a steel dip 
net with 40 cm diameter and 3 mm? mesh, dragged by the 
margin and inside of each water body, with sampling effort 
of one hour (Heyer etal. 1994). The tadpoles collected were 
anesthetised with 5% benzocaine, fixed and preserved 
in 5% formalin. Individuals were identified according to 
Rossa-Feres and Nomura (2006), Machado and Maltchik 
(2007) and Conte et al. (2007) and also by comparison 
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FIGURE 1. Map showing the sampled municipalities in Campos Gerais. 
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with individuals deposited in other collections, using a 
Zeiss stereomicroscope. 

Adult anurans were sampled at night, using the 
methods of visual and auditory search, for an hour at each 
sampling site (Heyer et al. 1994). All vocalising males were 
counted, estimating the abundance for each sampling 
site. Voucher individuals were collected, anesthetized 
with 5% lidocaine, fixed in 10% formalin and preserved 
in 70% alcohol. Nomenclature follows Frost (2014). All 
tadpoles and voucher adults collected were deposited at 
the Coleção Zoológica da Universidade Federal de Goiás 
(ZUFG), Goiânia, Goiás State, Brazil (Collection permit IAP 
439.12 and ICMBIO 35767-1) (Appendix 1). 

The conservation status of each species was defined 
based on the data available on the IUCN Red List of 
Threatened Species (IUCN 2013). Information about the 
degree of association between the species and the Cerrado 
and Atlantic Forest and their distribution patterns were 
obtained through information available in Valdujo et al. 
(2012) and Haddad et al. (2013). 


RESULTS 

A total of 42 amphibian species were identified, 
distributed into five families and 13 genera (Figure 
2 and 3, Table 2). The most species-rich family was 
Hylidae (25 species), followed by Leptodactylidae (11 
species), Bufonidae (tree species), Odontophrynidae (two 
species) and Microhylidae (one species). The sampling of 
tadpoles registered 14,802 specimens, distributed into 34 
species, six registered only at larval stage (Leptodactylus 
mystacinus, Physalaemus marmoratus, P. nattereri, Scinax 
aromothyella, S. cf. granulatus and S. cf. similis). The 
sampling of adults encompassed a total of 1,782 specimens, 
distributed into 36 species, eight of which were verified 
only at this stage (Aplastodiscus perviridis, Dendropsophus 
nanus, Dendropsophus elianae, Leptodactylus labyrinthicus, 
Leptodactylus podicipinus, Rhinella abei, Rhinella icterica 
and Scinax rizibilis). 

The most abundant species as tadpoles were 
Dendropsophus minutus, Leptodactylus latrans, 
Physalaemus cuvieri and Rhinella schneideri which together 
represented 40.88% of the total specimens collected. 
The most abundant species as adults were D. minutus, D. 
sanborni, Hypsiboas albopunctatus, Scinax sp. (gr. ruber) 
and P cuvieri, together representing 59.26% of the 
observed specimens. The species of the families Bufonidae 
and Odontophrynidae were recorded only occasionally in 
few sampling sites. 

Two species were not formally assessed for the 
IUCN conservation status (Hypsiboas jaguariaivensis 
and Physalaemus lateristriga). None of the other species 
recorded are considered endangered. Four species are 
endemic to the Cerrado (Dendropsophus elianae, Hypsiboas 
jaguariaivensis, Physalaemus marmoratus and Physalaemus 
nattereri) according to Valdujo et al. (2012), and eight 
species are endemic to the Atlantic Forest (Hypsiboas 
bischoffi, Aplastodiscus albosignatus, Sphaenorhynchus 
surdus, Scinax perereca, Scinax aromothyella, Scinax 
rizibilis, Scinax cf. catharinae and Physalaemus lateristriga) 
(Haddad et al. 2013). 
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TABLE 1. Location of habitats sampled in remnants of Cerrado and ecotone (Atlantic Forest) on Campos Gerais of the Paraná. Abbreviations: CR = 
Cerrado relict (forest edge), DF = dried fields (natural), G = grassland (anthropic), GF = gallery forest (forest edge), MFA = mixed forests of Araucaria 


(forest edge), PP = pine plantation (forest edge), SSF = seasonal semidecidual forest (forest edge), WF = wetland fields (natural). 


COORDINATES 
HABITAT MUNICIPALITY LATITUDE LONGITUDE ALTITUDE HABITAT TYPE 

1 Sengés 24º7'5.80" S 49°29'5.32" W 742 G 
2 Sengés 24º7'27.60" S 49º31'30.84" W 756 GF 
3 Sengés 24º6'59.99" S 49º30'15.77" W 736 GF 
4 Sengés 24º5'20.93" S 49º32'18.75" W 850 G 
5 Sengés 24º10'09.2" S 49º33'55.8" W 961 PP 
6 Sengés 24°10'33.19" S 49º33'31.11" W 876 MFA 
7 Sengés 24°10'41.02" S 49º34'3.10" W 863 MFA 
8 Sengés 24°7'21.9"S 49º31'30.8" W 761 G 
9 Sengés 24°17'54.2"S 49º31'55.4" W 1151 WF 
10 Sengés 24°16'46.43" S 49º31'31.25" W 1124 G 
117 Sengés 24º12'55.72" S 49º31'43.18" W 893 G 
12 Sengés 24º9'23.24" S 49º30'59.24" W 690 G 
13 Sengés 24°13'12.94"S 49º29'22.20" W 864 CR 
14 Sengés 24º6'53.23" S 49º25'2.23" W 634 G 
15 Jaguariaíva 24º10'59.8" S 49º39'36.1" W 822 CR 
16 Jaguariaíva 24º9'56.99" S 49º40'0.41" W 764 GF 
17%* Jaguariaíva 2499'51.91” S 49939'58.81” W 747 GF 
18** Jaguariaíva 24º9'50.25" S 49°39'59.32" W 719 GF 
19 Jaguariaíva 24910'50.30” S 49°41'36.27" W 853 G 
20 Jaguariaíva 24910'56.9” S 49°41'31.4" W 850 G 
21 Jaguariaíva 24º12'3.80" S 49º40'58.59" W 870 G 
22** Jaguariaíva 24°11'24.10" S 49°41'48.55" W 885 SSF 
23** Jaguariaiva 24°8'30.31"S 49°41'1.44" W 811 GF 
24** Jaguariaiva 24º7'46.17" S 49°40'38.99" W 731 GF 
25** Jaguariaiva 24°13'44.06" S 49°41'50.33" W 847 G 
26** Jaguariaíva 24º8'49.65" S 49°46'28.35" W 843 SSF 
27 Piraí do Sul 24º30'8.13" S 49º59'57.75" W 1055 CR 
28 Piraí do Sul 24°31'52.51" S 49°57'51.38" W 1034 SSF 
29 Piraí do Sul 24º31'50.45" S 49º57'52.21" W 1010 G 
30 Piraí do Sul 24°34'52.97" S 49º59'32.77" W 1025 G 
31 Piraí do Sul 24º36'54,3" S 50°1'42.5" W 1094 MFA 
32 Piraí do Sul 24°32'16.24" S 49º54'40.97" W 1101 SSF 
33 Piraí do Sul 24°32'14.95" S 49°54'17.50" W 1084 SSF 
34 Piraí do Sul 24°31'34.86" S 49º54'55.14" W 1054 SSF 
35 Piraí do Sul 24º27'47.6" S 50°0'30.4" W 1244 DF 
36 Piraí do Sul 24º28'45.53" S 50°1'2.63" W 1219 WF 
37 Tibagí 24º33'53.26" S 50º15'34.56" W 975 MFA 
38 Tibagí 24º34'1.64" S 50º15'54.78" W 1063 WF 
39 Tibagí 24º33'53.9" S 50º16'21.6" W 1044 WF 
40* Tibagí 24°33'38.97" S 50º16'57.86" W 1025 G 
41 Tibagí 24º41'14.92" S 50º12'37.14" W 1216 DF 
42 Tibagí 24º39'49.54" S 50º13'10.85” W 1231 WF 
43 Tibagí 24º36'4.25" S 50º15'22.13" W 1145 G 
44 Tibagí 24º40'1.10" S 50°13'0.83" W 1242 WF 
45 Tibagí 24°42'30.77" S 50º14'45.28" W 1150 WF 
46 Tibagi 24°42'34.86" S 50°14'40.37" W 1161 WF 
47 Tibagi 24945'59.2” S 50°9'49.2" W 1183 G 
48 Tibagí 24º36'0.74" S 50°14'18.65" W 1165 WF 
49 Tibagí 24938'21.71” S 509%13'50.54” W 1200 WF 
50 Carambeí 24º57'54.24" S 50º3'11.70" W 1027 G 
51** Carambei 24°57'49.04" S 50°3'13.55" W 1022 MFA 
52 Carambei 24°58'46.34" S 50º0'14.13" W 981 SSF 
53* Ponta Grossa 25%13'41” S 50°2'07.1" W 817 MFA 
54 Ponta Grossa 25°13'12.48" S 50°0'44.96" W 828 WF 
55 Ponta Grossa 25°14'43.36" S 50°2'25.65" W 798 MFA 
56 Ponta Grossa 25°13'9.62"S 49º53'2.81" W 1099 WF 
577 Ponta Grossa 25°11'5.71"S 49°55'46.82" W 1067 G 
58** Ponta Grossa 25º9'35.61" S 49°55'29.73" W 1051 G 
59 Ponta Grossa 25°9'41.42"S 49°54'17.55" W 968 WF 
60** Ponta Grossa 25°12'32.01" S 49°56'13.93" W 1001 G 
61** Ponta Grossa 25°15'44.85" S 49°56'47.24" W 874 G 
62** Ponta Grossa 25º10'36.64” S 49°58'44.35" W 924 G 
63** Ponta Grossa 25° 9'0.37"S 49°57'24.40" W 1035 G 
64** Ponta Grossa 25% 13.1” S 49º54'25.1" W 831 MFA 
65 Ponta Grossa 25º9'464"S 49º54'44,3" W 961 G 
66** Ponta Grossa 25°10'29.14" S 49º53'56.62" W 1091 MFA 


* Habitats sampled only for the adult stage. ** Habitats sampled only for the larval stage. 
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TABLE 2. List of species of anurans sampled in disjoint remnants of Cerrado and ecotone (Atlantic Forest) on Campos Gerais of the Paraná, Brazil. 
Abbreviations: Association = association level of the Cerrado, Distribution = distribution pattern, T = typical species, M = marginal species, E = endemic 
to the Cerrado, W = widely distributed, S = species with southern distribution occurring in the Cerrado, AT = species occurring in the Atlantic Forest and 


the Cerrado. Asterisks indicate species endemic to the Atlantic Forest. 


TAXON 


TADPOLES ADULTS ASSOCIATION DISTRIBUTION 


Anura 

Bufonidae 

Rhinella schneideri (Werner, 1894) 

Rhinella icterica (Spix, 1824) 

Rhinella abei (Baldissera, Caramaschi, & Haddad, 2004)* 
Odontophrynidae 

Proceratophrys boiei (Wied-Neuwied, 1824) 
Odontophrynus americanus (Duméril & Bibron, 1841) 
Hylidae 

Dendropsophus nanus (Boulenger, 1889) 
Dendropsophus sanborni (Schmidt, 1944) 
Dendropsophus minutus (Peters, 1872) 
Dendropsophus elianeae (Napoli & Caramaschi, 2000) 
Hypsiboas faber (Wied-Neuwied, 1821) 

Hypsiboas albopunctatus (Spix, 1824) 

Hypsiboas bischoffi (Boulenger, 1887)* 

Hypsiboas prasinus (Burmeister, 1856) 

Hypsiboas caingua (Carrizo, 1991) 

Hypsiboas jaguariaivensis Caramaschi, Cruz, & Segalla, 2010 
Phyllomedusa tetraploidea Pombal & Haddad, 1992 
Aplastodiscus perviridis Lutz, 1950 

Aplastodiscus albosignatus (Lutz & Lutz, 1938)* 
Sphaenorhynchus surdus (Cochran, 1953)* 

Scinax fuscovarius (Lutz, 1925) 

Scinax perereca Pombal, Haddad, & Kasahara, 1995* 
Scinax cf. similis (Cochran, 1952) 

Sxinax cf. granulatus (Peters, 1871) 

Scinax uruguayus (Schmidt, 1944) 

Scinax squalirostris (Lutz, 1925) 

Scinax fuscomarginatus (Lutz, 1925) 

Scinax aromothyella Faivovich, 2005* 

Scinax rizibilis (Bokermann, 1964)* 

Scinax cf. catharinae* 

Scinax sp. (gr. ruber) 

Leptodactylidae 

Physalaemus aff. gracilis (Boulenger, 1883) 
Physalaemus cuvieri Fitzinger, 1826 

Physalaemus lateristriga (Steindachner, 1864)* 
Physalaemus marmoratus (Reinhardt & Lütken, 1862) 
Physalaemus nattereri Steindachner, 1863 
Leptodactylus labyrinthicus (Spix, 1824) 
Leptodactylus aff. latrans (Steffen, 1815) 
Leptodactylus gracilis (Duméril & Bibron, 1840) 
Leptodactylus fuscus (Schneider, 1799) 

Leptodactylus mystacinus (Burmeister, 1861) 
Leptodactylus podicipinus (Cope, 1862) 
Microhylidae 

Elachistocleis bicolor (Guérin-Méneville, 1838) 
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X X T W 
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X X M AT 
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X X M AT 
X X M AT 
X X T E 
X X M S 
X T AT 
X X M S 
X X M S 
X X T W 
X X M S 
X M S 
X M S 
X X M S 
X X T S 
X X T W 
X M S 
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X X M S 
X X M S 
X X M S 
X X T W 
X X M S 
X T E 
X T E 
X T W 
X X T W 
X X M S 
X X T W 
X T AT 
X T W 
X X T S 


DISCUSSION 

The species richness found herein is high compared 
to other areas of Cerrado (Ribeiro-Junior and Bertoluci 
2009; Morais et al. 2012; Melo et al. 2013) and Atlantic 
Forest (Serafim et al. 2008; Cunha et al. 2010, Armstrong 
and Conte 2010), and other areas of ecotone (Araujo et 
al. 2009; Bertoluci et al. 2009; Vasconcelos et al. 2011), 
although this study covered a larger area. According to 


Valdujo et al. (2011), differences in species composition 
between localities may stem from historical factors 
that contribute to the distribution of each species. The 
finding of a large number of species of the families Hylidae 
and Leptodactylidae was similar to the results of other 
studies and follows the pattern found in Neotropical 
environments (Duellman 1999; Ribeiro-Junior and 
Bertoluci 2009). 
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FIGURE 2. Species recorded in the study area: 1- Rhinella schneideri, 2- R. abei, 3- R. ictérica, 4- Proceratophrys boiei, 5- Dendropsophus nanus, 6- D. 
sanborni, 7- D. minutus, 8- Hypsiboas faber, 9- H. albopunctatus, 10- H. bischoffi, 11- H. prasinus, 12- H. caingua, 13- H. jaguariaivensis, 14- Phyllomedusa 
tetraploidea, 15- Aplastodiscus perviridis, 16- A. albosignatus, 17- Sphaenorhynchus surdus, 18- Scinax fuscovarius. 
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FIGURE 3. Species recorded in the study area: 19- Scinax perereca, 20- S. uruguayus, 21- S. squalirostris, 22- S. fuscomarginatus, 23- S. rizibilis, 24- S. 
cf. catharinae, 25- Scinax sp. (gr. ruber), 26- Physalaemus gracilis, 27- P. cuvieri, 28- P. lateristriga, 29- Leptodactylus labyrinthicus, 30- L. latrans, 31- L. 


mystacinus, 32- Elachistocleis bicolor. 


The anurofauna corresponded to 21.05% of the 
recorded species for the Cerrado (Valdujo et al. 2012) 
and 9.58% of the species found in the Atlantic Forest 
(Haddad et al. 2013). There are at least 18 (42.85%) 
species shared with Cerrado and Atlantic Forest (e.g. 


Rhinella schneideri, Hypsiboas albopunctatus, Scinax 
fuscovarius and Leptodactylus fuscus), which reinforces 
the transitional nature of the sampled area. This richness 
also represents 30.98% of anurans registered for the 
Paraná State (Conte et al. 2010), which is higher than that 


observed for other areas of the state (Conte and Rossa- 
Feres 2006, 34 species; Armstrong and Conte 2010, 32 
species; Cunha et al. 2010, 32 species). Moreover, this 
study adds nine new species for the region (D. elianae, 
Hypsiboas caingua, Physalaemus marmoratus, P. nattereri, 
Scinax aromothyella, S. fuscomarginatus, S. uruguayus, S. cf. 
similis and S. cf. granulatus), extending their distribution 
to the Paraná State. 

In general, the species sampled in this study occur in 
more than one biome (e.g. Cerrado, Atlantic Forest sensu 
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lato and Pampa), or even in neighbouring countries 
(Frost 2014). Among the recorded species, 54.8% (n = 
23) are considered marginal, occurring in environments 
of transition between the Cerrado and other biomes, 
and 45.2% (n=19) are considered typical of the Cerrado 
(Valdujo et al. 2012). Hypsiboas jaguariaivensis is the only 
species endemic to the region, with restricted distribution 
to remnant of “cerrado” vegetation in Campos Gerais 
(Caramaschi et al. 2010). Six species (14.28%) presented 
taxonomic difficulties. The taxonomic problem is mainly 
due to difficulty in identifying the tadpoles, since many 
species have not yet had their larval stages described 
(Provete et al. 2012). Furthermore, larvae exhibit great 
morphological variation, and their body shape may change 
according to the environment they occupy (Michel 2011). 

Most of the recorded species breed in open areas (e.g. 
Hypsiboasalbopunctatus, Leptodactylusfuscus, Physalaemus 
cuvieri, Rhinella schneideri and Scinax fuscovarius), 
successfully colonising disturbed environments. These 
species do not have great specificity of breeding sites, 
and may be considered habitat-generalists (Brasileiro 
et al. 2005; Silva and Rossa-Feres 2007). Nevertheless, 
species such as Aplastodiscus albosignatus, Scinax rizibilis, 
Scinax cf. catharinae and Physalaemus lateristriga may 
demonstrate specificity of habitats, occurring only in 
forest areas (or forest edge), as previously reported in 
other studies (Bernarde and Machado 2001; Conte and 
Rossa-Feres 2007; Moraes et al. 2007). The occurrence of 
species in open areas in forests and forest edges reinforces 
the idea that the forest edge is a transition zone, where 
habitat generalists or specialists may eventually be found 
(Silva and Rossa-Feres 2007). 

Although it was not tested, the high diversity of anurans 
recorded can be explained by the high environmental 
heterogeneity that has arisen from the mosaic of 
environments in the region (Silva et al. 2012; Melo et al. 
2013),whichisformed by different Cerrado physiognomies, 
Campos Sulinos, Subtropical Ombrophilous Forest and 
Seasonal Semidecidual Forest (Carmo et al. 2012; Moro 
2012). Considering the large number ofthreatened species 
among amphibians in the Cerrado and the Atlantic Forest, 
it is imperative to create strategies and mechanisms that 
maximise conservation efforts, especially in regions where 
few data on the diversity, abundance and distribution of 
the species are available (Young et al. 2001; Diniz-Filho 
et al. 2009). In agreement to the report of Diniz-Filho et 
al. (2005), there are still many poorly sampled regions, 
mainly in the Cerrado, which suggests an underestimated 
number of frog species recorded to date. 

Due to its ecological uniqueness, especially regarding 
the mosaic formed when forest and field intertwine, 
along with the low representativeness of protected areas, 
anthropogenic pressures imposed by colonisation and 
agricultural activities, the Campos Gerais are one of the 
most threatened ecosystems in Brazil (Rocha 2006). Thus, 
the importance and immediacy in the development of 
studies on the fauna of this region are evident considering 
that the anurofauna of the Paraná State is still poorly 
known (Rossa-Feres and Conte 2006; Rossa-Feres and 
Conte 2007; Conte et al. 2010). Studies in different types 
of environments favour the expansion of distribution of 
some taxa and discovery of new species (Caramaschi et 
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al. 2010; Pombal et al. 2011), as well as understanding 
regional patterns of species richness (Valdujo et al. 2011). 
This work increases our knowledge about the species that 
may occur in marginal regions or remnants of Cerrado and 
ecotone regions with the Atlantic Forest in the Campos 
Gerais. 


ACKNOWLEDGMENTS: We thank Fabrício Oda for providing helpful 
comments on the manuscript. We are grateful to Camila Barbosa, 
Danielle Petch, Natália Dias, Pricilla Gambale and Renata M. Campos for 
field assistance. Natacha Y. Nagatani for help in identifying the Scinax 
tadpoles. We also thank all the farmers who allowed the research on 
their properties, Jaime Pereira for making the map and CAPES, FAPESP 
(process Nº 10/52321-7) and CNPq (process Nº 10-2/563075) for 
financial support. Finally, we thank Renato Recoder for improvements of 
an earlier version of our paper. 


LITERATURE CITED 

Araujo, C.O., T.H. Condez and R.J. Sawaya. 2009. Anfíbios Anuros do 
Parque Estadual das Furnas do Bom Jesus, sudeste do Brasil, e suas 
relações com outras taxocenoses no Brasil. Biota Neotropica 9(2): 
77-98 (http://www.biotaneotropica.org.br/v9n2/pt/fullpaper? 
bn01309022009+pt). 

Armstrong, C.G. and C.E. Conte. 2010. Taxocenose de anuros (Amphibia: 
Anura) em uma área de Floresta Ombrófila Densa no sul do Brasil. 
Biota Neotropica 10(1): 39-46 (http: //www.scielo.br /pdf/bn/v10n1/ 
a03v10n1). 

Bernarde, PS. and R.A. Machado. 2001. Riqueza de espécies, ambientes 
de reprodução e temporada de vocalização da anurofauna em 
Três Barras do Paraná, Brasil (Amphibia: Anura). Cuadernos de 
Herpetologia 14(2): 93-104. 

Bertoluci, J., M.A.S. Canelas, C.C. Eisemberg, C.FS. Palmuti and G.G. 
Montingelli. 2009. Herpetofauna of Estação Ambiental de Peti, an 
Atlantic Rainforest fragment of Minas Gerais State, southeastern 
Brazil. Biota Neotropica 9(1):147-155 (http://www.biotaneotropica. 
org.br /v8n4/pt /fullpaper?bn01409012009+pt). 

Brasileiro, C.A., R.J. Sawaya, M.C. Kiefer and M. Martins. 2005. Amphibians 
of an open cerrado fragment in southeastern Brazil. Biota Neotropica 
5(2): 1-17 (http://www.scielo.br/pdf/bn/v5n2/v5n2a05.pdf). 

Caramaschi, U., C.A.G. Cruz and M.V. Segalla. 2010. A new species of 
Hypsiboas of the H. polytaenius clade from the State of Parana, 
Southern Brazil (Anura, Hylidae). South American Journal of 
Herpetology 5(3): 169-174 (doi: 10.2994/057.005.0301). 

Carmo, M.R.B., A.L.P Andrade, G.A.S.D. Santos and M.A. Assis. 2012. Análise 
estrutural em relictos de Cerrado no Parque Estadual do Guartela, 
municipio de Tibagi, estado do Parana, Brasil. Ciéncia Florestal 22(3): 
505-517 (http://cascavel.ufsm.br/revistas/ojs-2.2.2 /index.php/ 
cienciaflorestal/article/viewFile/6618/pdf). 

Cassini, C.S., C.A.G. Cruz and U. Caramaschi. 2010. Taxonomic review of 
Physalaemus olfersii (Lichtenstein & Martens, 1856) with revalidation 
of Physalaemus lateristriga (Steindachner, 1864) and description of 
two new related species (Anura: Leiuperidae). Zootaxa 2491: 1-33 
(http://www.mapress.com/zootaxa/2010/2/zt02491p033.pdf). 

Conte, C. E.and D.C. Rossa-Feres. 2006. Diversidade e ocorréncia temporal 
da anurofauna (Amphibia, Anura) em São José dos Pinhais, Parana, 
Brasil. Revista Brasileira de Zoologia 23(1): 162-175 (http://www. 
scielo.br/pdf/rbzool/v23n1/a08v23n1.pdf). 

Conte, C. E. and D.C. Rossa-Feres. 2007. Riqueza e distribuição espaço- 
temporal de anuros em um remanescente de Floresta de Araucária 
no sudeste do Paraná. Revista Brasileira de Zoologia 24(4): 1025- 
1037 (http://www.scielo.br /pdf/rbzool/v24n4/20.pdf). 

Conte, C. E., F. Nomura, D.C. Rossa-Feres, A. D'Heursel and C.EB. Haddad. 
2007. The tadpole of Scinax catharinae (Anura: Hylidae) with 
description of the internal oral morphology and a review of the 
tadpoles from the Scinax catharinae group. Amphibia-Reptilia 28(2): 
177-192 (doi: 10.1163/156853807780202387). 

Conte C. E., F. Nomura, R.A. Machado, A. kwet, R. Lingnau and D.C. Rossa- 
Feres. 2010. Novos registros na distribuição geográfica de anuros 
na Floresta com Araucária e considerações sobre suas vocalizações. 
Biota Neotropica 10(2): 201-224 (http://www.biotaneotropica.org. 
br/v10n2/pt/fullpaper?bn01110022010+pt). 

Cunha, A. K., IS. Oliveira and M.T. Hartmann. 2010. Anurofauna da 
Célonia Castelhanos, na Area de Proteção Ambiental de Guaratuba, 
Serra do Mar paranaense, Brasil. Biotemas 23(2): 123-134 (https:// 
periodicos.ufsc.br/index.php/biotemas/article/view/2175- 
7925.2010v23n2p123/17311). 

Cushman, S.A. 2006. Effects of habitat loss and fragmentation on 
amphibians: a review and prospectus. Biological Conservation 128: 
231-240 (doi: 10.1016/j.biocon.2005.09.031). 


580 


Di Bitetti, M.S., Placci G. and L.A. Dietz. 2003. Uma visão de Biodiversidade 
para a Ecorregião Florestas do Alto Paraná - Bioma Mata Atlântica: 
planejando a paisagem de conservação da biodiversidade e 
estabelecendo prioridades para ações de conservação. Washington, 
D.C.: World Wildlife Fund. 153 pp. 

Diniz-Filho, J.A.F, R.P. Bastos, T.F.L.V.B. Rangel, L.M. Bini, P. Carvalho and 
RJ. Silva. 2005. Macroecological correlates and spatial patterns of 
anuran description dates in the brazilian Cerrado. Global Ecology 
and Biogeography Letters 14(4): 469-477 (doi: 10.1111/j.1466- 
822X.2005.00165.x). 

Diniz-Filho, J.A.F, L.M. Bini, G. Oliveira, B.S. Barreto, M.M.EP. Silva, L. 
Terrible, TEL.V. Rangel, M.P. Pinto, N.P.R. Sousa, L.C.G. Vieira, A.S. 
Melo, P. De Marco Jr, D. Blamires, R.P. Bastos, P. Carvalho, P., L.G. 
Ferreira, M.P.C. Telles, EM. Rodrigues, D.M. Silva, N.J. Silva Junior and 
T.N. Soares. 2009. Macroecologia, biogeografia e areas prioritarias 
para conservação no cerrado. Oecologia Brasileira 13(3): 470-497 
(http://www.oecologiaaustralis.org/ojs/index.php/oa/article/ 
view/oeco.2009.1303.05/763). 

Duellman, W. E. and L. Trueb. 1986. Biology of Amphibians. New York: 
McGraw-Hill. 670 pp. 

Duellman, W. E. 1999. Patterns of distribution of amphibians: a global 
perspective. The John Hopkins University Press, Baltimore. 648 pp. 

Frost, Darrel R. 2014. Amphibian Species of the World: an Online Reference. 
Version 5.6 (9 January 2014). Electronic Database accessible at 
http://research.amnh.org/herpetology/amphibia/index.html. 
American Museum of Natural History, New York, USA. Captured on 
26 February 2014. 

Haddad, C.FB., L.F. Toledo, C.P.A. Prado, D. Loebmann, J.L. Gasparini and 
I. Sazima. 2013. Guia dos Anfíbios da Mata Atlântica: Diversidade e 
Biologia. São Paulo: Editora Anolis Books. 544 pp. 

Heyer, W. R., M.A. Donnelly, R.W. McDiarmid, L.C. Hayek and M.S. Foster. 
1994, Measuring and monitoring biological diversity — Standard 
methods for Amphibians. Smithsonian Institution Press, Washington. 
384 pp. 

Klein, R.M. and Hatschbach, G. 1971. Fitofisionomia e notas 
complementares sobre o mapa fitogeografico de Quero-Quero 
(Paraná). Boletim Paranaense de Geociências 28/29: 159-188. 

Maack, R. 1981. Geografia física do estado do Paraná. Rio de Janeiro. 
Livraria José Olympio. 442 pp. 

Machado, R.B., M.B. Ramos Neto, PG.P. Pereira, E.F Caldas, D.A. Gonçalves, 
N.S. Santos, K. Tabor and M. Steininger. 2004. Estimativas de perda 
da área do Cerrado brasileiro. Conservation International do 
Brasil, Brasília. 26 pp (http://www.conservation.org.br/arquivos/ 
RelatDesmatamCerrado.pdf). 

Machado, I.F. and L. Maltchik. 2007. Check-list da diversidade de anuros 
no Rio Grande do Sul (Brasil) e proposta de classificação para as 
formas larvais. Neotropical Biology and Conservation 2(2): 101-116 
(http://revistas.unisinos.br/index.php/neotropical/article/view 
/5933/3118). 

Melo, M.S., R.S Moro and G.B. Guimarães. 2007. Patrimônio natural dos 
Campos Gerais do Paraná. Ponta Grossa: Editora UEPG. 240 pp. 

Melo, M., F. Fava, H.A. Pinto, R.P. Bastos and F. Nomura, F. 2013. Diversidade 
de Anuros (Amphibia) na reserva extrativista Lago do Cedro e seu 
entorno, Aruanã, Goiás. Biota Neotropica 13 (2): 205-217 (http:// 
www.scielo.br /pdf/bn/v13n2/1676-0603-bn-13-02-205.pdf). 

Moraes, R.A., RJ. Sawaya, and W. Barrela. 2007. Composição e diversidade 
de anfíbios anuros em dois ambientes de Mata Atlântica no Parque 
Estadual Carlos Botelho, São Paulo, sudeste do Brasil. Biota 
Neotropica 7(2): 27-36 (http://www.biotaneotropica.org.br/v7n2/ 
pt/fullpaper?bn00307022007+pt). 

Morais, A.R., R.P. Bastos, R. Vieira and L. Signorelli. 2012. Herpetofauna da 

Floresta Nacional de Silvânia, um remanescente de Cerrado no Brasil 

Central. Neotropical Biology and Conservation 7(2): 114-121 (doi: 

10.4013/nbc.2012.72.05). 

Myers, N., R.A. Mittermeier, C.G. Mittermeier, G.A.B. Da Fonseca and J. 

Kent. 2000. Biodiversity hotspots for conservation priorities. Nature 

403: 853-858 (doi: 10.1038/35002501). 

Michel, M.J. 2011. Spatial dependence of phenotype-environment 

associations for tadpoles in natural ponds. Evolutionary Ecology 25: 

915-932 (doi: 10.1007/s10682-010-9441-y). 

Mittermeier, R.A, PR. Gil, M. Hoffmann, J. Pilgrin, T. Brooks, C.G. 

Mittermeier, J. Lamoreux and G.A.B. Fonseca. 2004. Hotspots 

revisited. Earth’s biologically richest and most endangered terrestrial 

ecoregions. Sierra Madre: Cemex Conservation International. 392 pp. 

Moro, R.S. 2012. Padrões biogeograficos dos relictos de cerrado nos 
Campos Gerais; pp. 53-67. Biogeografia do cerrado nos Campos 
Gerais. Ponta Grossa: Ed. UEPG, 207 pp. 

Peel, M.C., B.L. Finlayson and T.A. McMahon. 2007. Updated world map of 
the Köppen-Geiger climate classification. Hydrology and Earth System 
Sciences 11: 1633-1644 (doi: 10.5194/hess-11-1633-2007). 

Pillar, V.D. 2000. Padrões e processos em campos do sul do Brasil; 
165-171, in: TC. Cavalcanti., B.M.T. Walter (Eds.). Tópicos Atuais em 


Batista and Bastos | Anurans from Campos Gerais in southern Brazil 


Botânica: Palestras Convidadas do 51 Congresso Nacional de Botânica. 
Brasília: Embrapa Recursos Genéticos e Biotecnologia/Sociedade 
Brasileira de Botânica. 

Pombal Jr, J.P. 1997. Distribuição espacial e temporal de anuros 
(Amphibia) em uma poça permanente na Serra de Paranapiacaba, 
sudeste do Brasil. Brazilian Journal of Biology 57(4): 583-594. 

Pombal Jr, J.P, M. Bilate, PG. Gambale, L. Signorelli, L. and R.P. Bastos. 
2011. A new miniature treefrog of the Scinax ruber clade from 
Cerrado of Central Brazil (Anura: Hylidae). Herpetologica 67(3): 
288-299 (doi: 10.1655/HERPETOLOGICA-D-10-00067.1). 

Provete D.B., M.V. Garey, F.R. Silva and M.X. Jordani. 2012. Knowledge gaps 
and bibliographical revision about free-swimming anuran larvae 
from Brazil. North Western Journal of Zoology 8(2): 283-286 (http: // 
biozoojournals.ro/nwjz/content/v8n2/nwjz.121124.Provete.pdf). 

Ratter, J.A., S. Bridgewater and J.F. Ribeiro. 2003. Analysis of the floristic 
composition of the Brazilian Cerrado vegetation. III: comparison 
of the woody vagetation of 376 areas. Edinburgh Journal of Botany 
60(1): 57-109 (doi: 10.1017/S0960428603000064). 

Remanamanjato, J., PB. McIntyre and R.A. Nussbaum. 2002. Reptile, 
amphibian, and lemur diversity of the Malahelo Forest, a 
biogeographical transition zone in southeastern Madagascar. 
Biodiversity Conservation 11(10): 1791-1807 (doi: 10.1023/A: 
1020325415489). 

Ribeiro Jr, J.W. and J. Bertoluci. 2009. Anuros do cerrado da Estação 
Ecológica e da Floresta Estadual de Assis, sudeste do Brasil. Biota 
Neotropica 9(1): 207-216 (http://www.scielo.br /pdf/bn/v9n1/20. 
pdf). 

Ribeiro, M.C., J.P. Metzger, A.C. Martensen, F. Ponzoniand M.M. Hirota. 2009. 
Brazilian Atlantic forest: how much is left and how is the remaining 
forest distributed? Implications for conservation. Biological 
Conservation 142: 1141-1153 (doi: 10.1016/j.biocon.2009.02.021). 

Ritter, L.M.O., M.C. Ribeiro and R.S. Moro. 2010. Composição florística e 
fitofisionomia de remanescentes disjuntos de Cerrado nos Campos 
Gerais, PR, Brasil — limite austral do bioma. Biota Neotropica 10(3): 
379-414 (http://www.biotaneotropica.org.br/v10n3/pt/fullpaper? 
bn04010032010+pt). 

Rocha, C.H. 2006. Seleção de áreas prioritárias para a conservação em 
paisagens fragmentadas: estudo de caso nos Campos Gerais, do 
Paraná. Natureza & Conservação 4(2): 77-99. 

Rodrigues, R.R. 2000. Florestas ciliares? Uma discussão nomenclatural 
das formações ciliares; 8: 125-141, in: R.R. Rodrigues and H.F Leitão 
Filho (Eds.). Matas ciliares: conservação e recuperação. São Paulo: 
EDUSP/FAPESP. 

Rossa-Feres, D.C. and F. Nomura. 2006. Characterization and taxonomic 
key for tadpoles (Amphibia: Anura) from the northwestern region 
of Sao Paulo State, Brazil. Biota Neotropica 6(1): 1-26 (http://www. 
scielo.br/pdf/bn/v6n1/v6n1a13.pdf). 

Rossa-Feres, D.C., R.J. Sawaya, J. Faivovich, J.G.R. Giovanelli, C.A. Brasileiro, 
L. Schiesari, J. Alexandrino and C.FB. Haddad. 2011. Anfíbios do 
Estado de São Paulo, Brasil: Conhecimento Atual e Perspectivas. 
Biota Neotropica 11 (1): 1-19 (http://www.biotaneotropica.org.br/ 
v11n1/pt/fullpaper?bn03511012011+pt). 

Serafim, H., S. Ienne, PJ.P. Cicchi and J. Jim. 2008. Anurofauna de 
remanescentes de floresta Atlântica do município de São José 
do Barreiro, estado de São Paulo, Brasil. Biota Neotropica 8(2): 
69-78 (http://www.biotaneotropica.org.br/v8n2/pt/fullpaper? 
bn01008022008+pt). 

Silva F. R. and D.C. Rossa-Feres. 2007. The use of forest fragments by 
open-area anurans (Amphibia) in northwestern São Paulo State, 
Brazil. Biota Neotropica 7(2): 141-148 (http://www.scielo.br /pdf/ 
bn/v7n2/a16v07n2.pdf). 

Silva FR, J.P. Gibbs and D.C. Rossa-Feres. 2011. Breeding Habitat and 
Landscape Correlates of Frog Diversity and Abundance in a Tropical 
Agricultural Landscape. Wetlands 31(6): 1079-1087 (doi: 10.1007/ 
s13157-011-0217-0). 

Silva, ER. T.A.L. Oliveira, J.P. Gibbs and D.C. Rossa-Feres. 2012. An 
experimental assessment of landscape configuration effects on 
frog and toad abundance and diversity in tropical agro-savannah 
landscapes of southeastern Brazil. Landscape Ecology 27(1): 87-96 
(doi: 10.1007/s10980-011-9670-7). 

Silvano, D.L. and M.V. Segalla. 2005. Conservação de anfíbios no 
Brasil. Megadiversidade 1(1): 79-86 (http://www.conservacao.org/ 
publicacoes/ files/12 Silvano Segalla.pdf). 

Valdujo, P. H., A. Camacho, R.S. Recoder, M. Teixeira Jr, J.M.B. Ghellere, T. 
Mott, P.M.S. Nunes, C. Nogueira and M.T. Rodrigues. 2011. Anfíbios da 
Estação Ecológica Serra Geral do Tocantins, região do Jalapão, Estados 
do Tocantins e Bahia. Biota Neotropica 11(1): 251-261 (http://www. 
biotaneotropica.org.br /v11n1/pt/fullpaper?bn03511012011+pt). 

Valdujo, P.H., D.L. Silvano, G. Colli and M. Martins. 2012. Anuran species 
composition and distribution patterns in Brazilian Cerrado, a 
Neotropical Hotspot. South American Journal of Herpetology 7(2): 
63-78 (doi: 10.2994/057.007.0209). 


581 


Vasconcelos, T.S., T.G. Santos, D.C. Rossa-Feres and C.F.B. Haddad. 2011. 
Spatial and temporal distribution oftadpole assemblages (Amphibia, 
Anura) in a seasonal dry tropical forest of southeastern Brazil. 
Hydrobiologia 673: 93-104 (doi: 10.1007/s10750-011-0762-9). 

Wells, K.D. 2007. The Ecology and Behavior of Amphibians. The University 
of Chicago Press. 1400 pp. 

Williams, PH. 1996. Mapping variations in strength and breadth of 
biogeographic transition zones using species turnover. Proceedings 
of the Royal Society (London) 263(1370): 579-588 (doi: 10.1098/ 
rspb.1996.0087). 

Young B.E., K.R. Lips, J.K. Reaser, R. Ibafiez, A.W. Salas, J.R. Cedefio, L.A. 
Coloma, S. Ron, E. La Marca, J.R. Meyer, A. Mufioz, F. Bolafios, G. 
Chaves, D. RomoLips. 2001. Population declines and priorities for 
amphibian conservation in Latin America. Conservation Biology 15: 
1213-1223 (doi: 10.1111/j.1523-1739.2001.00218.x). 


RECEIVED: March 2014 

ACCEPTED: April 2014 

PUBLISHED ONLINE: July 2014 

EDITORIAL RESPONSIBILITY: Philippe J. R. Kok 


Appendix 1. Voucher adults: Hypsiboas prasinus: ZFUG-7293; ZUFG- 
7303; ZUFG-7313; ZUFG-7319. Dendropsophus minutus: ZUFG-7294; 
ZUFG-7297; ZUFG-7298; ZUFG-7304; ZUFG-7305. Phyllomedusa 
tetraploidea: ZUFG-7295; ZUFG-7296; ZUFG-7314; ZUFG-7315; ZUFG- 
7557. Hypsiboas caingua: ZUFG-7299; ZUFG-7300; ZUFG-7301; ZUFG- 
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7302. Hypsiboas bischoffi: ZUFG-7306; ZUFG-7309; ZUFG-7310; ZUFG- 
7538; ZUFG-7561. Hypsiboas faber: ZUFG-7529. Hypsiboas albopunctatus: 
ZUFG-7555. Shaenorhynchus cf. surdus: ZUFG-7307; ZUFG-7308; ZUFG- 
7320; ZUFG-7535; ZUFG-7536. Leptodactylus cf. latrans: ZUFG-7312. 
Leptodactylus labyrinthicus: ZUFG-7531. Scinax squalirostris: ZUFG-7316; 
ZUFG-7513. Scinax uruguayus: ZUFG-7577; ZUFG-7579. Physalaemus 
cuvieri: ZUFG-7321; ZUFG-7510; ZUFG-7511; ZUFG-7512. Physalaemus 
lateristriga: ZUFG-7526. Physalaemus gracilis: ZUFG-7528; ZUFG-7541; 
ZUFG-7548; ZUFG-7549; ZUFG-7551. Leptodactylus gracilis: ZUFG- 
7514. Odonthoprynus americanus: ZUFG-7322. Dendropsophus sanborni: 
ZUFG-7323; ZUFG-7324; ZUFG-7325; ZUFG-7326; ZUFG-7546. Hypsiboas 
jaguariaivensis: ZUFG-7327; ZUFG-7328; ZUFG-7329; ZUFG-7330; ZUFG- 
7331. Scinax sp. (gr. ruber): ZUFG-7332; ZUFG-7333; ZUFG-7580; ZUFG- 
7581; ZUFG-7582. Scinax cf. catharinae: ZUFG-7587; ZUFG-7588. Scinax 
fuscovarius: ZUFG-7506. Rhinella abei: ZUFG-7509. Rhinella icterica: 
ZUFG-7563; ZUFG-7564. Proceratophrys boiei: ZUFG-7562; ZUFG- 
7569. Aplastodiscus albosignatus: ZUFG-7516; ZUFG-7517; ZUFG-7543; 
ZUFG-7544; ZUFG-7545. Aplastodiscus perviridis: ZUFG-7533; ZUFG- 
7539; ZUFG-7554; ZUFG-7556. Scinax fuscomarginatus: ZUFG-7521. 
Elachistocleis bicolor: ZUFG-7524; ZUFG-7525. 

Voucher tadpoles: Physalaemus cuvieri: ZUFG-1843. Dendropsophus 
sanborni: ZUFG-1844. Dendropsophus minutus: ZUFG-1845. Hypsiboas 
faber: ZUFG-1846. Shaenorhynchus cf. surdus: ZUFG-1847. Elachistocleis 
bicolor: ZUFG-1848. Rhinella shneideri: ZUFG-1849. Hypsiboas 
albopunctatus: ZUFG-1850. Phyllomedusa tetraploidea: ZUFG-1851. 
Leptodactylus gracilis: ZUFG-1852. Scinax aromothyella: ZUFG-1853. 
Scinax uruguaius: ZUFG-1854. 
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